The aim of the present study was to verify the assumption that supplementation of the diet for turkeys with selenium, especially in an organic source of Se, improves the antioxidative status of the organism and the stability of the meat. Seven hundred and twenty 1-d-old BUT9 female turkeys were randomly assigned into three experimental groups (8 pens with 30 turkeys in each) and fed a diet without Se supplementation (Se-0) or a diet containing 0.3 mg/kg Se in the form of sodium selenite (SeS) or Se-enriched yeast (SeY). The trial was conducted for 112 days.
INTRODUCTION
Selenium (Se) is an essential trace mineral and is known to have important roles in a number of biochemical functions in humans and animals, such as antioxidant defense, immune function, reproduction, and thyroid hormone metabolism (Surai, 2002) . Selenium also regulates a major component of the antioxidant defense mechanism in all living tissues by controlling the body's glutathione (GSH) pool and its major Se-containing antioxidant enzymes, glutathione peroxidase (GPx) and thioredoxin reductase (Tapiero et al., 2003) . Glutathione and GPx have the capacity to protect the integrity of unsaturated bonds of membrane phospholipids by extinguishing free radical attacks capable of initiating and propagating lipid oxidation (Korniluk et al., 2004; Rayman, 2004) .
Se deficiency in young turkeys, especially when accompanied by vitamin E deficiency, causes Se-deficiency diseases and dysfunctions, including exudative diathesis, pancreatic dystrophy, and nutritional muscle dystrophy of the gizzard, heart and skeletal muscle (Cantor et al., 1982) . Therefore, the NRC recommendation (1994) , derived at a lower performance level and amounting only to 0.20 mg Se/ kg diet, should be re-evaluated. Recent analyses of selenium concentrations in different organs and in plasma as well as of glutathione peroxidase activity in the liver and in plasma indicate that a selenium requirement of 0.30 mg Se/kg diet is necessary in fast-growing turkeys (Fischer et al., 2008) .
Selenium in animal diets is supplemented primarily as inorganic sodium selenite (SeS) or sodium selenate. Recently however, there has been interest in the use of organic forms, such as selenomethionine (SeM) or Se-enriched yeast (SeY), as supplemental sources of Se (Rayman, 2004) . Organic selenium from Se-enriched yeast is equivalent or even superior to sodium selenite in terms of gut absorption and accumulation in the tissue of broilers (Collins et al., 1993) . Studies of diets supplemented with either sodium selenite or Se-enriched yeast have shown that organic selenium is deposited more effectively in broiler breast muscles than inorganic selenium (Payne and Southern, 2005) . Similar results were obtained earlier in experiments on pigs (Mahan, 1996; Mahan and Parret, 1996) and more recently in experiments on turkeys (Fischer et al., 2008) and sheep (Niedźwiedzka et al., 2008) . Increased tissue concentrations of selenium not only decrease oxidative stress, including protection of unsaturated fatty acids from peroxidation damage (Tapiero et al., 2003; Korniluk et al., 2007) , but can also reduce drip loss from breast meat and the incidence of pale soft, exudative meat (Downs et al., 2000; Naylor et al., 2000) . This indicates that dietary selenium can improve the quality and oxidative stability of meat. With this in mind, the aim of the present study was to verify the following hypothesis: dietary supplementation with selenium for turkeys, especially in organic form, improves the antioxidative status of the organism and the oxidative stability of meat.
MATERIAL AND METHODS

Birds, management and feeding
The experiment was carried out on an experimental poultry farm of the Department of Poultry Science at the University of Warmia and Mazury in Olsztyn (Poland). Turkey rearing conditions and handling procedures were approved by the local Ethics Committee for experiments on animals at the University of Warmia and Mazury in Olsztyn (Poland).
Birds were kept in 10 m 2 pens on litter in a building with a controlled environment, equipped with central heating. Rings for poults (up to 10 days of age) and additional sources of heat (up to 28 days of age) were fitted inside pens. Temperature and humidity levels were monitored daily at 8 a.m. and 3 p.m. The following light program was adapted: 24 h lighting with an intensity of 100 lx in the first 72 h, followed by 18 h of light per day until day 14, and 16 h of light per day until the end of the growing period. Light intensity was reduced to 5 lx between day 3 to 7, and it was gradually increased to 15 lx as of week 5. Air exchange was maintained at 0.4-0.5 m 3 /h/kg body weight (BW) until week 7 and at 7-8 m 3 /h/kg BW from week 8 until the end of the growing period. The trial was conducted for 112 days. On day 1, poults were administered Nobilis TRT vaccine. During the experiment, birds had free access to feed and fresh water. Every pen was equipped with an automatic feeder which was computer filled from a silo. Turkeys were fed a pelleted diet without growth promoters or coccidiostatics. A four-phase feeding program similar to industry recommendations was applied, and wheat-soyabean meal based diets were fed in each phase. In each growth phase, the basal diet was supplemented with 0 (Se-0) or 0.3 mg/kg of Se from sodium selenite (SeS) or 0.3 mg/kg of Se from Seenriched yeast (SeY; Sel-Plex ® -organic selenium produced by Saccharomyces cerevisiae CNCM I-3060 Alltech, Nicholasville, KY). The composition and nutritional value of basal diets are given in Table 1 . The nutritional value of basal feed mixtures was calculated based on the feeds composition.
The trials involved 720 1-d-old BUT 9 female turkeys purchased from a hatchery. The birds were randomly assigned to three feeding groups of 240 female turkeys each (8 replications of 30 birds each). Control group turkeys were fed basal diets (without supplementation). In the remaining groups, the birds were fed diets supplemented with 0.3 mg/kg of Se from sodium selenite (group SeS) or 0.3 mg/kg of Se from Se-enriched yeast (group SeY). The background levels of Se in basal diets were calculated; they averaged 0.16 mg/kg during the course of the study.
During the trials, feed consumption, mortality and culling rates, including the causes thereof, were registered in each pen. Each turkey was weighed on day 28, 56, 84 and 112 of the experiment.
Sample collection and analysis
On day 56 and 112, blood samples were taken from the wing vein of 8 turkeys per treatment to determine alanine aminotransferase (ALT), aspartate aminotransferase (AST), glutathione peroxidase (GPx), superoxide dismutase activity (SOD), antioxidant capacity of water-soluble compounds (ACW), and antioxidant capacity of lipid-soluble compounds (ACL). Serum AST and ALT were measured with a commercially available test kit (Alpha Diagnostics, Poland). GPx activity (EC 1.11.1.9) was measured using an appropriate whole blood method. This method was based on that of Paglia and Valentine (1967) . Glutathione peroxidase catalyses the oxidation of glutathione by cumene hydroperoxide. In the presence of glutathione reductase and NADPH, the oxidized glutathione is immediately converted to the reduced form with concomitant oxidation of NADPH to NADP. The decrease in absorbance at 340 nm is measured. Superoxide dismutase (EC 1.15.1.1; SOD) activity in erythrocyte lysates was assayed using kits from Randox Laboratories Ltd. (Crumlin, UK) according to the method described by Woolliams et al. (1983) . The Randox method uses xanthine and xanthine oxidase to generate superoxide radicals that react with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium (I.N.T.) to form a red formazan dye. SOD activity is then calculated from the degree of inhibition of this reaction compared with a standard curve of SOD. For the determination of the antioxidant capacity of the water-soluble substances (ACW) and lipid-soluble substances (ACL) in the serum of turkeys the photochemiluminescence method was used. The method described by Popov and Lewin (1999) and Photochem ® (Analytik Jena AG, Jena, Germany) was used with standard ACW and ACL kits (Analytik Jena AG). The photochemiluminescence method consists of excitation of a photo-sensitizer which results in the generation of the superoxide radical O 2 − . Quantification is performed using standard compounds such as ascorbic acid (ACW) or Trolox (ACL).
On the last day of the experiment (112 days of age), 40 turkeys with average BW were selected from each group and sacrificed in a poultry slaughterhouse. Chilled carcasses (4ºC, 12 h) were subjected to simplified dissection to determine the yield of breast muscles, thigh muscles, drumstick muscles and abdominal fat content. The pH of breast muscles was measured 15 min, 1 h and 24 h post-mortem (Testo GmbH 206-pH2 meter). All breast muscle (Pectoralis major) samples, 5 from each replicate (40 per treatment), were used for drip loss analysis. The muscles were weighed, placed in plastic bags and refrigerated (4ºC). The muscles were weighed after 24 and 48 h of cold storage. Drip loss was calculated as (drip loss / initial muscle weight) × 100.
A total of 40 breast muscle samples from each treatment were analysed to determine cooking loss, chemical composition and selenium concentrations. A further 10 samples of breast muscle per treatment were analysed to determine TBARS levels. To determine cooking loss, fresh breast muscles were weighed (wt m ), cooked in a microwave oven (12 min, 480 W) and weighed again (wt c ). Cooking loss was calculated as (wt m -wt c )/wt m × 100. A total of 10 breast muscle samples were comminuted and stored in plastic bags at a temperature of -20ºC prior to chemical analyses. The chemical composition of breast muscle was determined by standard methods (AOAC, 1990) . Selenium concentrations in meat samples were determined with the use of an UltraMass 700 inductively coupled plasma mass spectrometer with full PC control (Varian, Australia). Meat samples were spectrally mineralized with pure nitric acid with the addition of hydrogen peroxide (Merck) at 100 atm pressure in a Milestone microwave oven (Italy). Selenium concentrations were determined based on calibration curves developed with the use of high-purity standards (ICP; Merck).
Changes in the oxidative stability of meat lipids were determined in fresh samples (24 h after slaughter) and in samples that were stored at a temperature of -20ºC for 70 days, thawed and stored for a further 3 days at 4ºC. Those changes were determined by the method proposed by Draper and Hadley (1990) based on thiobarbituric acid reactive substances (TBARS) levels. Sample absorbance was measured with a Specord 40 spectrophotometer (Analityk Jena AG), and TBARS levels were expressed in terms of nmol malondialdehyde in 1 g of meat.
Statistical analysis
The obtained results were validated statistically by one-factorial analysis of variance (ANOVA) and Duncan's multiple range test with the use of Statistica 6.0 PL software. The effect of experimental factors was regarded as significant at P≤0.05.
RESULTS
The body weight of female turkeys in the control group and in treatments fed diets supplemented with inorganic and organic selenium did not differ significantly ( Table 2 ). The feed intake of turkeys fed diets containing 0.3 mg/kg SeY was lower in all investigated growing periods (by 3.0% until week 4 and by 1.7% until week 16) than in groups SeS and Se-0, but the observed differences were not statistically significant.
Mortality noted up to day 28 in the experimental groups ranged from 0.8 to 2.1%, and was similar in both treatments throughout the entire 16-week period, reaching only 2.1-3.8% (Table 2 ). The main causes of mortality up to day 28 were gastroenterititis, renal failure, and yolk sac inflammation, followed by cardiovascular failure and cachexia in subsequent weeks of growth. Feed supplementation with inorganic and organic selenium did not affect ALT and AST activity or the antioxidant capacity of turkey blood serum (Table 3 ). In week 8 and 16, the levels of the above blood biochemical indicators were similar in all groups. GPx activity increased in turkeys with age (week 16 vs week 8), while SOD activity decreased over that time. The addition of 0.3 mg/ kg inorganic selenium (sodium selenite) to diets for turkeys had no effect on the activity of GPx and SOD. GPx activity was significantly (P<0.05) higher in turkeys fed the diet with SeY than in group SeS and Se-0, both in week 8 and 16. Similarly to GPx activity, SOD activity was significantly (P<0.05) higher in group SY than in group SeS and in the control group in week 8. Statistically significant differences in SOD activity levels were not found in week 16. The abdominal fat content of carcasses of group SeY turkeys was 10.6% lower than that determined in group Se-0, but the differences were statistically nonsignificant. Feed supplementation with inorganic and organic Se did not result in significant changes in the pH of turkey meat. The intramuscular fat levels in the breast muscles of SeS turkeys was significantly (P<0.05) lower, but dry matter and crude protein content was significantly (P<0.05) higher than in SeY treatment (Table 4 ). In comparison with Se-0 and SeS, a decrease (by 12.7% after 24 h and by 11.1% after 48 h) in drip loss from raw meat and a decrease (by 5.5%) in drip loss from cooked meat of turkeys receiving SeY was observed. The differences noted in drip loss values were statistically non-significant.
Dietary supplementation with 0.3 mg/kg inorganic and organic Se resulted in a significant (P<0.05) increase in selenium concentrations in meat and a significant (P<0.05) decrease in TBARS levels ( Table 5 ). The selenium content of meat from group SeY turkeys was twofold higher (P<0.05) than in group SeS and nearly threefold higher (P<0.05) than in group Se-O. 
DISCUSSION
In the present experiment neither the dietary source nor the level of selenium caused significant changes in the growth parameters of turkeys. Our overall growth performance results are in general agreement with the results of Payne and Southern (2005) who reported that the BWG, FCR, and mortality of broilers were not affected (P>0.05) by Se source (from SeS or SeY) or level of supplementation (0 or 0.30 mg/kg Se). By contrast, Naylor et al. (2000) and Wang and Xu (2008) found a significant (P<0.05) improvement in FCR in broilers fed with organic Se at 0.20-0.25 mg/kg resulting from lower feed intake while maintaining the same liveweight gain.
This experiment has shown that blood GPx and SOD activity in young turkeys is dependent on the form of selenium supplied. The addition of 0.3 mg/kg SeS to the diet caused no significant changes in blood GPx or SOD activity in turkeys. In birds fed a diet with 0.3 mg/kg of organic selenium, the activity of GPx (in week 8 and 16) and SOD (in week 8) was significantly (P<0.05) higher than in groups Se-0 and SeS. This also suggests that the bioavailability of organic forms of selenium (Se-enriched yeast) was higher, compared with inorganic forms (sodium selenite). Selenium, as a component of GSH-Px, acts as a second line of defense against cellular peroxide damage due to the inability of vitamin E to destroy all metabolic peroxides. For the most part, vitamin E and selenium are mutually replaceable (except at low levels) and each acts as a sparing mechanism for the other (Combs, 1981) . The differences in GPx activity due to Se source, noted in this study, only partly agree with the findings of Wang and Xu (2008) , who reported that Se supplementation increased plasma GPx activity. However, the cited authors observed less pronounced increases in GPx activity following the supplementation of SeS compared with SY. In contrast, Payne and Southern (2005) reported that GPx activity was not affected by Se source or concentration.
In our study, dietary supplementation with 0.3 mg/kg Se caused no changes in carcass or muscle yield. The differences noted in dry matter, crude protein, and crude fat content of the breast muscles are difficult to interpret. Higher concentrations of crude fat could have a positive effect on the sensory properties of meat. Payne and Southern (2005) also found that carcass traits were not affected (P>0.05) by Se source or level of supplementation. According to Downs et al. (2000) , carcass and deboned meat yield was not influenced by the addition of 0.3 mg/kg Se in the form of selenite and Se-enriched yeast. Naylor et al. (2000) reported increased SeY-related yields of legs and thighs with no loss of breast meat yield in studies supplying up to 0.25 mg/kg as SeY.
In the present study, dietary supplementation with 0.3 mg/kg SeS or SeY resulted in a significant (P<0.05) increase in selenium concentrations in turkey meat, and improved the oxidative stability of lipids. The most striking response to selenium form was noted in the selenium content of breast muscles. Se concentrations in this tissue were significantly (P<0.05) higher in birds given 0.3 mg/kg Se from the organic source compared with birds given the same amount of Se from sodium selenite. There was also a tendency towards a decrease in drip loss of raw meat from turkeys fed a diet containing SeY. Contradictory results on the influence of dietary SeS on Se concentration in poultry meat have been reported. The present results are in agreement with the findings of Wang and Xu (2008) who observed an increase in breast Se concentrations due to the feeding of SeS. Cantor et al. (1982) or Payne and Southern (2005) demonstrated an increase in breast Se concentrations in poults or chickens fed selenomethionine or Se-enriched yeast, however addition of SeS to diets not increase the Se content of the tissue. The present study also proves that turkeys receiving inorganic Se retained less Se in tissues than those receiving SeY. Mahan and Parrett (1996) found that SeS was retained at a lower concentration in muscle tissue, was less efficiently absorbed, and was excreted in larger amounts than organic Se. Publications in recent years have shown that selenium from organic sources effectively increases the concentration of this microelement, and the concentration of long-chain fatty acids in the tissues (Korniluk et al., 2007; Niedźwiedzka et al., 2008) .
Selenium, as a first-level antioxidant, effectively decreases oxidative processes in tissues, thus prohibiting the occurrence of off-flavours. The measurement of TBARS levels in tissues is a widely accepted tool for the assessment of reactive oxygen species production (Gutteridge, 1984) . The influence of dietary supplementation with Se on lipid oxidation (measured by the thiobarbituric acid (TBA) reaction method) in the raw thigh muscle of chickens was determined by Ryu et al. (2005) . The TBA value suggested that dietary supplementation of Se showed improvements in the oxidative stability of chicken meat after 10 and 12 days of refrigerated storage. Yaroshenko et al. (2004) Beyond the role of selenium in the protection of cells from damage, the dietary selenium source seems to affect meat quality, with particular reference to excessive muscle tissue water loss. Drip loss is a substantial economic problem for companies marketing pieces of chickens and turkeys, and processed products. Northcutt et al. (1994) estimated that drip loss can account for more than 3% of the total yield of cut-up chicken. Mahan (1996) suggested that excessive cellular damage resulting from oxidation may be the cause of drip loss. Surai (2002) reported that GSH-Px contributes significantly to the overall antioxidant defense of muscle in broilers; moreover, organic selenium supplementation of the diet could decrease tissue susceptibility to lipid peroxidation and increase the oxidative stability of skeletal muscles. Naylor et al. (2000) demonstrated that birds receiving dietary organic Se had significantly lower drip loss (P<0.01) than those receiving inorganic Se. These data are consistent with the findings of Downs et al. (2000) regarding broiler chickens (47% decrease in drip loss 24 h post-mortem). Also Naylor et al. (2000) and Upton et al. (2008) reported decreased drip loss (by 17 to 27%) in SeY-fed compared with SeS-supplemented broilers. Downs et al. (2000) and Upton et al. (2008) found that breast meat drip loss increased when chickens were fed sodium selenite as compared with those fed selenized yeast and to no supplemental Se treatments. They concluded that sodium selenite supplementation may be associated with an oxidative process that promotes the post-mortem development of compromised cell membranes and facilitates increased moisture loss from processed breast meat.
CONCLUSIONS
Dietary supplementation with 0.3 mg/kg inorganic and organic selenium (Se) had no significant effect on growth performance, carcass, and muscle yields of turkeys.
Feed supplementation with sodium selenite did not affect glutathione peroxidase and superoxide dismutase activity, but the use of Se-enriched yeast significantly (P<0.05) increased the activity of those enzymes in the blood of turkeys.
Both Se sources had the same positive effect on the oxidative stability of meat during refrigerated storage, however, the Se-yeast were more effective in Seenrichment of breast muscles. A significant (more than twofold; P<0.05) increase in selenium concentrations, an increase in crude fat content (of 31.5%; P<0.05), a tendency towards a lower abdominal fat content (by 10.6%), lower drip loss from raw meat (by 11.1-12.7%) and lower cooking loss (by 5.5%) were observed in the meat from turkeys fed diets supplemented with 0.3 mg/kg SeY instead of sodium selenite.
